Plasma cell leukemia (PCL) is a rare and aggressive malignancy of plasma cells with a poor prognosis. Direct renal involvement in PCL is rarely reported with only a few cases in the English literature. We described the clinical and pathologic findings of a 40-yearold African-American male with acute kidney injury (AKI) due to light-chain cast nephropathy and direct renal invasion by malignant plasma cells, diagnosed as having PCL on renal biopsy and successfully treated with aggressive plasmapharesis and allogeneic stem cell transplantation (SCT). To the best of our knowledge, this is the first case report of PCL diagnosed on kidney biopsy. Among the various clinical manifestations of PCL, AKI and proteinuria may be its initial presentation, illustrating the etiologic complexity of AKI. Successful treatment of cast nephropathy with plasma exchange and PCL by SCT was associated with recovery of renal function.
Introduction
Plasma cell leukemia (PCL) is an uncommon and aggressive plasma cell dyscrasia and is diagnosed when peripheral blood absolute plasma cell count exceeds 2.0 × 10 9 /L or circulating plasma cells are greater than 20% [1] . PCL is either primary or after a prodrome of multiple myeloma (MM). Both primary and secondary PCL occur in the fifth and sixth decades with a male predominance. PCL accounts for 0.2% of all leukemias diagnosed in 1997-2000 [2] . Signs and symptoms are similar to those seen in MM such as thrombocytopenia, anemia, renal insufficiency, hypercalcemia, lytic bone lesions, and can also include hepatomegaly and splenomegaly [3] . We report a case of a 40-year-old man who presented with acute renal failure and heavy proteinuria and was found to have primary PCL invading the kidney coupled with light-chain cast nephropathy who has been successfully treated with stem cell transplantation (SCT).
Case Report
A 40-year-old African-American male with hypertension and chronic back pain presented to the emergency department with abdominal pain, nausea, vomiting, and back pain. Body weight was 280 pounds and blood pressure was 157/100 mm Hg. There was no pedal edema. Laboratory data showed white blood cell count 15.1 × 10 3 /µL, hemoglobin 9.5 g/dL, hematocrit 29.2%, platelet count 143 × 10 9 /L, BUN 39 mg/ dL, creatinine 5.1 mg/dL, and calcium 10.2 mg/dL. Initial urinalysis showed 2+ blood, 2+ protein, and 2+ leukocyte esterase. He was admitted and repeat urinalysis the next day was dipstick negative for protein. However, 24-h urinary protein was 16,559 mg. Serum protein electrophoresis demonstrated two paraprotein bands in the gamma region. Band 1 was 0.5 g/dL and band 2 was 0.52 g/dL. Free kappa light chain measured 0.89 mg/dL and lambda light chain > 1,500 mg/dL (normal range 0.57 -2.63 mg/dL). Antinuclear antibody screen, ANCA and anti-glomerular basement membrane antibodies were negative. Ultrasound revealed large echogenic kidneys bilaterally measuring 13.1 cm and 13.0 cm on the right and left sides, respectively. He underwent a percutaneous renal biopsy for further evaluation.
Renal biopsy showed two small fragments of renal cortex and medulla with seven histologically unremarkable glomeruli present; none was globally sclerotic (Fig. 1) . There was mild tubular atrophy and interstitial fibrosis involving 25% of the renal cortex with clusters of dense interstitial infil- trates composed of atypical plasma cells (Fig. 1) . Occasional tubules contain dense casts surrounded by cellular response (Fig. 1) . Immunofluorescence studies showed negative glomerular staining for IgG, IgA, IgM, C1q, C3, albumin, fibrinogen, kappa and lambda light chains. Several casts and tubular cytoplasmic protein droplets stained for lambda light chain (4+). Interstitial plasma cells stained for lambda light chain (2+). Kappa light chain was negative. Plasma cells were immunohistochemically reactive for CD138 (Fig. 1) . Electron microscopy (EM) revealed no electron dense deposits. Glomerular basement membranes were unremarkable with approximately 10% podocyte foot process effacement (Fig. 1) .
Bone marrow biopsy and aspirate were performed. Peripheral blood smear revealed 23% plasma cells (absolute plasma cell count at 3.4 × 10 9 ) (Fig. 1) . Bone marrow biopsy showed mostly cortical bone with small groups of plasma cells. The aspirate consisted of mostly blood. Flow cytometry demonstrated 25% population of plasma cells expressing CD38, CD56, and monoclonal restriction of intracytoplasmic lambda light chain. The final diagnosis of PCL involving the kidney with lambda light-chain cast nephropathy was made.
MRI of the spine revealed compression fractures of T10, T12, L2 and L4 without central canal impingement. Vertebral biopsies showed hypercellular (up to 80%) bone marrow with increased numbers of immature plasmacytoid forms. ISH studies for kappa and lambda light chains revealed a marked lambda light-chain restriction (> 100:1). He was started on daily plasmapheresis and chemotherapy (Bortezomib and Lenalidomide) for nine consecutive days during which there was a rapid reduction in free light-chain levels and serum creatinine. At the end of his stay, free kappa light chain measured 0.04 mg/dL, lambda light chain 121.00 mg/dL and creatinine 3.3 mg/dL. His chemotherapy regimen continued as an outpatient. Three months later, the patient LM: light microscopy; IF: immunofluorescence microscopy; EM: electron microscopy; N/A: not applicable; SCT: stem cell transplantation. 
Discussion
Acute kidney injury (AKI) has various etiologies and is divided into pre-renal, renal, and post-renal causes [4] . Renal biopsy plays a major role in the diagnosis and management of AKI [5] . In the current case, the presence of AKI coupled with heavy proteinuria and free lambda chain on urine protein electrophoresis led to a primary consideration of amyloidosis or light-chain deposition disease in the clinical differential diagnosis. Surprisingly, the biopsy revealed kidney infiltration by PCL coupled with light-chain cast nephropathy. Although 24-h urine collection showed > 16 g of protein, the urine dipstick yielded a negative result. This discrepancy can be explained by the fact that urine dipstick test is sensitive to albumin but not to globulins or Bence-Jones proteins because of the increased number of free amino groups in the latter. Thus, the protein in urine represented freely filtered lambda light chain rather than albumin. PCL is an uncommon and aggressive malignancy. Treatment includes induction therapy with alkylating agents. Other therapies include autologous and allogeneic SCT. Several cases of primary PCL treated with SCT have been reported, with a majority receiving autologous stem cell transplants. Few cases of allogeneic SCT have been reported, therefore making it difficult to compare survival rates with autologous SCT. The average age of these patients was 54 years and survival averages 28 months and ranges from 7 to 106 months [6] . The overall 5-year survival rate from the time of diagnosis is less than 10% [7] .
Only a few cases of PCL involving kidney have been previously reported (Table 1) . Rahman and colleagues reported a 45-year-old woman who presented with nausea and vomiting and 39% plasma cells were found in peripheral blood [8] . The urine revealed no monoclonal free light chains. Bone marrow aspirate showed sheets of plasma cells. Initial tests showed BUN 41 mg/dL and creatinine 2.5 mg/ dL. Renal biopsy revealed plasma cells in the interstitium and tubular casts. Immunofluorescence microscopy (IF) showed a 4+ linear distribution of kappa light chains along the tubular and glomerular basement membranes. Aggregates of granular and fibrillar material were present in the mesangium, glomerular basement membrane and preglomerular arterial wall on EM. The final diagnosis was PCL and kappa light-chain deposition disease. The patient began chemotherapy and achieved remission. Creatinine measured 1.7 mg/dL at the end of chemotherapy [8] . No clinical follow-up were performed.
A second case [9] described a 50-year-old male who presented with vomiting, diarrhea, and oliguria for 2 days. Lab values included hemoglobin 5.8 g/dL, platelets 31 × 10 9 /L, and 39% plasma cells in peripheral blood. Bone marrow aspirate showed 77% plasma cells. Multiple osteolytic lesions were discovered in the X-ray of the skull. Serum creatinine measured 8.3 mg/dL and BUN was 190 mg/dL. After the diagnosis of primary PCL was made, the patient received cyclophosphamide, prednisolone, and dexamethasone. No renal biopsy was performed and the patient was lost to follow-up.
A third case [10] described a 52-year-old woman presenting with nausea, vomiting, and dizziness. Labs showed platelets 70 × 10 9 /L, hematocrit 20%, and serum creatinine 3.69 mg/dL. Peripheral blood smear showed 30% plasma cells. Bone marrow biopsy demonstrated 60-70% plasma cells. Serum protein electrophoresis showed an IgG lambda monoclonal protein. No lytic lesions were identified on bone survey. Treatment with high-dose dexamethasone and thalidomide began and serum creatinine improved to 2 mg/ dL. Although therapy was continued for the next 2 months, serum creatinine rose to 3.8 mg/dL. Renal biopsy showed an interstitial infiltrate of atypical plasma cells that were strongly lambda positive by in situ hybridization. A diagnosis of PCL involving kidney was made. On IF, the glomeruli demonstrated no staining for IgG, IgA, IgM, Clq, C3, fibrin, kappa and lambda light chains. EM failed to show glomerular deposits. Despite radiation to the kidney and cyclophosphamide, renal function remained the same and the patient remained on dialysis.
In summary, this is the first case report of PCL diagnosed on kidney biopsy and successfully treated by allogeneic SCT. This case serves as a reminder that the etiologies of AKI are complex and prompt recognition and diagnosis on the basis of clinical and pathological findings with appropriate therapy is critical in the disease management.
